Development of a synthetic live bacterial therapeutic for the human metabolic disease phenylketonuria.
Phenylketonuria (PKU) is a genetic disease that is characterized by an inability to metabolize phenylalanine (Phe), which can result in neurotoxicity. To provide a potential alternative to a protein-restricted diet, we engineered Escherichia coli Nissle to express genes encoding Phe-metabolizing enzymes in response to anoxic conditions in the mammalian gut. Administration of our synthetic strain, SYNB1618, to the Pahenu2/enu2 PKU mouse model reduced blood Phe concentration by 38% compared with the control, independent of dietary protein intake. In healthy Cynomolgus monkeys, we found that SYNB1618 inhibited increases in serum Phe after an oral Phe dietary challenge. In mice and primates, Phe was converted to trans-cinnamate by SYNB1618, quantitatively metabolized by the host to hippurate and excreted in the urine, acting as a predictive biomarker for strain activity. SYNB1618 was detectable in murine or primate feces after a single oral dose, permitting the evaluation of pharmacodynamic properties. Our results define a strategy for translation of live bacterial therapeutics to treat metabolic disorders.